exposing 20-to 22-hr-old samples to an atmosphere of N2'5 and helium for 5 hr and then analyzing the digested sample for Nl' in a mass spectrometer. None of the 22 strains of the two Enterobacter (formerly Aerobacter) species fixed nitrogen; neither did any of eight strains of Serratia species that were tested. Of 31 strains of Klebsiella pneumoniae, 13 incorporated atmospheric nitrogen. Net nitrogen fixed ranged from 17 to 65,ug/ml.
It is concluded that these facultative anaerobic, gram-negative, nitrogen-fixing rods should be placed in the genus Klebsiella pneumoniae. The nitrogen-fixing organism tentatively classified as Achromobacter N-4 should also be changed to K. pneumoniae strain N-4, because it has been found to be an anaerogenic strain of K. pneumoniae.
While studying the occurrence of nitrogenfixing bacteria in Danish watercourses, Jensen (1958) isolated a nitrogen-fixing organism that he first considered to be an Aerobacter species, but later concluded was not, since it did not form gas on carbohydrate, was MR-positive, VPnegative, and catalase-negative. He stated, "The systematic position of this organism is difficult to establish with certainty. The key to the families of Eubacteriineae in Bergey's Manual (1948, p. 67) leads to the family IX, Achromobacteriaceae and within this family the only possible genus is Achromobacter Bergey et al., but it is not identical with any one of the Achromobacter species described in the manual." Proctor and Wilson (1959) examined a number of strains of Achromobacter sp. that had been isolated on media that were nonselective for nitrogen fixation; only one of these isolates showed clear cut fixation, although a few others appeared to be weakly positive in this respect. Further studies of the physiology of Jensen's culture, Achromobacter N-4, by Hamilton (1963) and Goerz and Pengra (1961) raised additional doubts regarding its identity. Hamilton, Burris, and Wilson (1964) selected a nongummy variant, Achromobacter N4-B, from Achromobacter N-4 and requested the Communicable Disease Center (CDC), Atlanta, Ga., to type it. The CDC laboratories reported that it was an anaerogenic strain of Klebsiella pneumoniae, serotype 17. As will be discussed in this paper, this finding led to a re-examination of the facultative anaerobic, gram-negative, nitrogenfixing rods previously classified as Aerobacter aerogenes. Cowan et al., (1960) ; these cultures were not examined at the CDC. for nitrogen fixation at the University of Wisconsin, and typed at the CDC laboratories. The sources of these cultures are given in Tables 1, 2 , and 3. Growth. The growth medium and analytical procedures were essentially those described by Pengra and Wilson (1958) with the exception that mannitol (20 mg/ml) was used instead of sucrose as the carbon source. Ammonium sulfate (25,ug of N/ml) was added to insure good initial growth of all cultures.
The inoculum, an 18-to 20-hr culture grown in a test tube containing 10 ml of the medium, was transferred to a side-arm flask containing 90 ml of medium. The flasks were sealed and flushed with nitrogen as described by Pengra and Wilson (1958) .
Growth was followed with a no. 66 filter in a Klett-Summerson colorimeter. Maximal growth (95 to 105 Klett units) was reached in 9 to 10 hr. An amount (1 ml) of a sterile yeast extract solution (4 mg/ml) was then added to each flask, and the flasks were again flushed with nitrogen. Yeast extract shortens the induction period of the nitrogen-fixing enzymes by providing a source of amino acids (Lindsay, 1963) .
Classification. The methods employed in classifying these organisms, both serological and biochemical, are listed by Edwards and Ewing (1962) and Ewing (1962) .
Nitrogen fixation. Fixation of N2" was determined by pipetting duplicate 5-ml samples of each culture into Warburg flasks after 20 to 22 hr of incubation and exposure to an atmosphere containing 10% N215 (33% atom N" excess) and 90% helium. The samples were incubated at 30 C for 5 hr, digested, and analyzed for N15 in a Consolidated-Nier mass spectrometer (Burris and Wilson, 1957) . Total nitrogen determinations were also made on cultures with use of a conventional Kjeldahl semimicro method. These cultt?res were incubated for 7 to 10 days in an effort to detect fixation by cultures that appeared to be negative in this respect.
RESULTS
The results of this survey are summarized in Tables 4 and 5 wards and Ewing (1962) and Ewing (1962) . However, not all Klebsiella serotypes are nitrogen-fixers, and ability to assimilate N2 likewise is not associated with any particular serotype. None of the five anaerogenic K. pneumoniae cultures listed in Table 3 was found to fix nitrogen as determined by total nitrogen measurements (Kjeldahl). In addition to those organisms listed in the tables, eight strains of Serratia spp. from the American Type Culture Collection (ATCC) were tested. The ATCC strain numbers of the S. marcescens cultures were 264, 274, 4003, 4180, 8100, and 9103; those of S. marcescens subspecies kiliensis were 8101 and 11111. None of the Serratia cultures fixed nitrogen as determined by measurements of optical density and total nitrogen (Kjeldahl).
Ten strains of K. rhinosclermatis and ten strains of K. ozaenae were also tested for nitrogen fixation. The cultures of K. rhinosclermatis were originally isolated from cases of rhinosc]erma, and the K. ozaenae cultures were isolated from sputum and various parts of the throat region. Some of the cultures grew very poorly in the medium that was used, and none of them could be shown to fix nitrogen after 18 days of incubation. Growth was followed by optical-density measurements, and total nitrogen was determined by the usual Kjeldahl method.
DISCUSSION
The confusion in the classification of the facultative anaerobic, gram-negative, nitrogen-fixing, nonsporing rods is not new. Lohnis (1905) claimed fixation by such organisms, but his evidence is not convincing. Using a soil extract-mannitol medium with an initial nitrogen concentration of about 20 ,ug/ml, he reported gains of about 10 ,ug of nitrogen per ml after 3 weeks of incubation with strains of Bacterium pneumoniae (Klebsiella pneumoniae), B. radiobacter (Agrobacterium Table 2. t These cultures were lost before N15 experiments were performed. VOL. 89, 1965 MAHL ET AL. radiobacter), B. radicicola (Rhizobium spp. from clover and vetch), B. lactis viscosum (Alcaligenes viscolactis), and B. prodigiosum (S. marcescens). Curiously, some of these fixed more than the stock strain of Azotobacter chroococcum. Because of the variation in form, size, and Gram reaction, L6hnis first thought of contamination but rejected this explanation on further study of purified strains. Apparently, the identification of the B. pneumoniae was not too clear-cut, since in a later paper L6hnis and Pillai (1908) (Hormaeche, 1958; Ewing and Edwards, 1962; Ewing, 1963; and Cowan et al., 1960) suggest differentiation be based on motility and biochemical tests with no regard to source. Edwards and Ewing (1962) proposed a schema for the classification of the Klebsiella and Aerobacter (now Enterobacter) taxa. The results in this paper lead to the conclusion that the nitrogen-fixing strains should be placed in the genus Klebsiella since all such strains examined in this study were serotypes of K. pneuumoniae.
In the opinions of K. J. Steel and J. MI. Shewan (Centifanto and Silver, 1964) 
